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that when it is treated in accordance with the 
process described hereinbefore substantially all 
o the impurities and contaminants are removed 
Irom the nickel hydroxide precipitate. 
When nick,el hydroxide is initially produced 
from the reaction mixture of nickel sali and 
water soluble hydroxide, such as an alkali ruera1 
hydroxide, according to my invention the precipi- 
tare is not washed with water, is not dialyzed with 
water and is hot treated withion exchangers in 10 
the presence of water, ïor when the nickel 
droxide is washed with water the crystallographic 
structure of the nickel hydroxide so produced is 
such that contaminants, e. g., foreign anions, ca- 
tions, oempounds, etc., are adsorbed, absorbed, 15 
and "locked in" so that they can hot be sub- 
stantially removed. In accordance with my in- 
vention, the nickel hydroxide is treated with a 
substantially anhydrous organic solvent, prefer- 
ablF employing a refluxing or such continuous 20 
extraction apparatus» to. extract fereign sub- 
stances» foreign anions, cations, and contami- 
nants from the nickel hydroxide. This treat- 
ment rovides removal of substantially all of the 
foreign contaminants from the nickel hydroxide. 25 
Various water soluble hydroxides or bases are 
employed in the process to react with nickel salt 
to produCe nickel:hydroxide. Thë-hydroxides or 
bases emplqyed: in the reaction are those hydrox- 
ides selected from he group consisting of potas- 30 
sium hydrqxide, sodium hydoxide, cesium hy- 
droxide, rubidium hydroxide, lithlum hydroxide, 
tetraalkylammonium hydroxides, tetraalkylolam- 
monium hydroxides, and tetraarylammonium hy- 
droxides. The water soluble hydroxides or bases 
preferably employed in the reaction to produCe 
nickel hydroxide are potassium hydroxide, sodium 
hydroxide, tetramethylammonium hydroxide, tet- 
raethanolammonium hydroxide, tetraphenylam- 
monium hydroxide, tetrabenzylammonium hy- 4o 
droxide, N-trialkyl anilinium hydroxide, N,N'-tri- 
methyl ethylenediammonium hydroxide, N-alkyl 
pyridinium hdr.oxide, and N-dialkyl piperidini- 
um hydroxide. 
The inorganic .alkali metal hydroxides em- 
ployed as the alkaline compound in the reaction 
mixture to produce nickel hydroxide, according 
to the process described hereinbefore, are pefer- 
aby those water soluble hlghly ionizable alkali 
ruera1 hydroxides selected from the group con- 50 
sisting of potassium hydroxide, sodium hydrox- 
ide, cesium hydroxide, rubidium hydroxide, and 
lithlum hydroxide. The preferred inorganic al- 
kali metal hydroxides are those selected from 
the group consisting of potassium hydroxide and 
sodium hydroxide. The inorganic alkali metal 
hydroxides employed in the process are suitably 
employed as concentrated aqueous solutions hav- 
ing a concentration of from about 110 g. p. 1. t0 
about 700 g. P. 1., measure at about 30 ° C. The 60 
suitable preferred concentration is from about 
200 g. P. 1. to about 500 g. P. 1. In this speci- 
flcation, the abbreviation "g. P. 1." bas the mean- 
ing "grams per liter of solution." 
.Strong organic bases can also be employed in 
carrying out the reaction described hereinbefore. 
The organic bases which are suitably employed 
are those inorganic bases selected from the group 
consisting of tetraa]kylammonium hydroxides, 70 
tetraarylammonium hydroxides, and tetraalkyl- 
olammonium hydroxides. The preferred organic 
hydroxides employed are tetramethylammonium 
hydroxide, tetraethanolammonium hydroxide, 
tetraphenylammonium hydroxide» tetrabenzyl- 

ammonium hydroxide, N-trialkyl anilinium hy- 
droxide, N,N'-trimethyl ethylenediammonium 
hydroxide, N-alkyl .pyridinium hydroxide, and 
N-dialkyl piperidinium hydroxide. The organic 
bases employed in the p.rocess are. suitably em- 
ployed in aqueous solution-having a concentra- 
tion of from about 0.05 gram-molecules per liter 
fo about 1 gram-molules per liter with the es- 
sential qualification that in all cases the pli of 
the reaction mixture be substantially above about 
12.5. 
In carrying out the chemical reaction between 
a water soluble hydroxide and a salt of nickel, 
those salts of nickel are employed which are at 
least slightiy soluble in water and which react 
with the water soluble hydroxides described here- 
inbefore.to produce the relatively insoluble nickel 
hydroxide. The salts of nickel which may be 
suitably employed are nickel salts of inorganic 
acids such as chlorides, bromides, chlorates, per- 
chlorates, nitrates, sulfites, sulfates, and nickel 
salts of organic acids such as formates, acetates, 
popionates, oxalates, malonates, maleates, suc- 
cinates, tartrates, and, benzoates. It is preferable 
to employ such nickel, salts as nickel nitrate, 
nickel tartrate, acetate or formate.. 
The organic solvent employed in extracting the 
contaminants, Such as excess potassium hydrox, 
ide and te salts formed by metathesis,, must bave 
the property of being a solvent for the water solu- 
ble hydroxidês, uch as alk.a!!'mêtl hydroxides, 
and the salts formed d:.thW.chemical.reac- 
tion. Low molecular weighilcohols, ethers, and 
low cycllc ethers are the lreferred organic ex- 
traction solvents empioyed. The organic solvents 
employed in extracting impurities from the nickel 
hydroxide are those orgániC solvents selected from 
the group consisting of ethanol, alcohols with 1 to 
5 carbon atoms and thelr ethers, furanes and 
hydrofuranes, pyrans and hydropyrans, and ke- 
tones with 1 to 6 carbon atoms. The organic 
solvents Preferably emplyed are methanol, eth- 
anol and liethyl ether. 
It is important that the organic solvents em- 
ployed in extracting impurities and contaminants 
be substantially anhydrous and remain substan- 
tially anhydrous throughout the practice of the 
extraction phase of the pr0cess. The organlc sol- 
vent can be maintainedsubstantially anhydrous 
by introducing a dehydrator, such as calcium ox- 
ide, boric oxide, copper sulfate, etc.; into the re- 
fluxing, extraction apparatus  in order to main- 
tain. anhydrous the organic solvent, or the solvent 
may be maintained anhydrous bF azeotropic dis- 
tillatlon of the main stream or a by-passed lor- 
tion thereof,   
The extraction phase of the process, wherein 
the organic extraction solvent is employed in 
removing contaminants from .the nickel 
droxide, is performed between the freezing point 
and the boiling point of the organic solvent. 
However, the temperature during the extraction 
operation preferably should hot exceed the de- 
composition point of nickel hydroxide, i. e., 
above about 150 C. The extraction operation 
may be carried out under elevated pressure, e. g., 
at a pressure from about 1 to about 100 atmos- 
pheres. The preferred pressure at which the 
extraction is performed is from about 1 to about 
ten atmospheres. The extraction operatlon may. 
be carried out by placing the initial nickel 
droxide containing the contaminants withln a 
refluxing extraction apparatus containing in the 
extraction chamber one or more of the anhy- 
drous organic solvents .described hereinbefore, 
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and. he precipitate treated wlth the satd sol- 
vents. 
Occluded water, if present, may te extracted 
from the nickel hydroxide and provision can 
be made for continuously removlng thts water 5 
rom the organie solvent employed in the process 
as described hereinbefore, for removing water 
initially present in the organic solvent. 
When practicing the procees described here- 
inbefore, if the desired final product ts a sup- 10 
ported catalyst, a suitable carrier or support 
material such as pumice or other porous stli- 
ce0us glasses, diatomaceous earth or other flnely 
livided forms of silica including true trlloli, 
alumina in its several modifications, nickel 15 
aluminate, zirconiumdioxideo carbon and other 
refractory materials capable of wlthstanding so- 
lution of pli 12.5 may be dispersed wlthin the 
chemical reaction mixture. The nickel 
droxide produced during the chemical reaction 20 
between nickel salt and water soluble bydroxide 
is deposited upon the support or carrier mate- 
rial. The solid carrier material having the 
nickel hydroxide thereon is then separated from 
the reaction mixture and treated in accordance 25 
with the process described hereinbefore. The 
impurities and contaminants are removed 
extraction with said anhydrous organic solvents 
and substantially pure nickel bydroxide carried 
by the suitable support ls then produced. This 30 
material can then be treated by reductlon meth- 
ods to produce a supportcd nickel catalyst sub- 
stantially devold of impurities and contaminants 
produced during the chemical reactlon. Thfs 
supported nickel catalyst may be sulflded with 35 
hydrogen sulfide to produce a highly active sup- 
ported nickel subsulflde (NisS) catalyst. 
For the purpose of giving OEose skllled in the 
art a better understanding of the invention, the 
fellowing illustrative examlles are given: 40 
ExamXe I 
About 41 grams of nickel tartrate were ground 
-to a thin paste with a small amount of water. 
This paste or slurry was stirred lnto a solution 45 
of about 45 grams of potassium hydroxlde in 
20 milliliters (ml.) of water. The mixture was 
agitated to provide a solution or colloldal dis- 
persion which was green in color. The solu- 
tion was filtered through asbestos to remove any 50 
unreacted nickel tartrate, which remains on the 
filter. The resulting solution or colloidal dis- 
persion was dried under vacuum at room tem- 
perature. The resulting gel-like clear0 and 
transparent solid was broken into lumps about 55 
the size of barley grains. The grains were in- 
troduced into a Soxhlet refiuxing extraction ap- 
paratus containing hot absolute ethyl alcohol in 
the boiler and the precipitate extracted with the 
alcohol. No foreign anions or cations, espe-6O 
cially potassium, could be detected spectroscopi- 
cally in the precipitate after the extraction 
eration. This nickel hydroxide was amorphous, 
giving no X-ray diffraction pattern with "Cop- 
per K alpha" radiation. It was dehydrated in 65 
vacuo fo nickel oxide at 250 ° C. This nickel 
oxide was also amorphous. 
Examle II 
About 145 grains of nickel nitrate hexahydrate 70 
were dissolved in 100 milliliters of freslzly bofled 
distflled watcr. This solution was added drop- 
wise with vigorous stirring to a .solution con- 
taining about 1O0 .grains of .potassium hydroxfde 
in 100 milliliters of distilled vatcr. The reac- 75 
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tion was Carried 0ut.in a nickel container. The 
precipitate lroduced by the chemical reaction 
was separated from most of the liquld by cen- 
trifuging. The preclpitatewas then introduced 
into an evaporating container in a vacuum 
désiccatorand dried. After drYing, the precipi- 
tate was broken.into small lumps and placed 
in the "thimble » of a Soxhlet refluxlng appa- 
ratus. The Soxlflet boiler contained anhydrous 
ethanol which was kept .anhydrous by means of 
calelum oxide in the bofler of the extraction 
apparatus. The impurities, such as nitrates, 
potassium hydroxide, residual water0 foreign an- 
i0ns, cations, etc., were extracted from the lre- 
cipltate by extraction wfth the éthanol. After 
extraction, the nickC bydroxide had the appear- 
ance of a bright apple-green gel. The surface 
area of this nickel bydrixide gel was found to 
be 265 square meters per gram after drying at 
60 ° C. Thé gel was dehydrated to nickel oxide 
at 250 ° C. and was found to bave a surface area 
of 325 square meters per grain. The Crystal- 
lités of nickel hydroxide were round to have a 
dimension of less than. about 25 Angstrom units 
as determined from broadening of the (002) dif- 
fraction maximum in the X-ray diffractîon pat- 
tern using the powder method. Thus0 pure 
nickel hydroxlde was produced which possessed 
excellent surface area, and fine Crystallites, 
upon dehydration, for maximum catalytic ac- 
tivity. 
Various industries employ compounds of 
nickel which are produced by treating nickel 
droxfde. For example, nickel hydroxide pro- 
duced in accordance wlth my procees can be de- 
hydrated to nickel oxide and the nickel oxide em- 
ployed in the Edfson Alkaline Storage Cells, such 
as the nickel-iron storage cell and the nickel- 
cadmium storage cell. Also0 in the industries em- 
ploying nickel oxtde or nickel as catalysts, the 
nickel oxide or nickel fs produced by dehydrating 
or reducing nickel bydroxtde. The lndustry has 
sought nickel bydroxide substantially devoid of 
contaminants and having a crystalline structure 
such that, when reduceoE to nickel oxfde or nickel, 
the resulting crystals of nickel oxide and/or 
nickel .wlll be substantially devold of contami- 
nants and will have a crystalline structure which 
possesses maximum surface contact area and 
catalytic activity. The prtor art methods of pro- 
ducing nickel hydroxide have failed to provide 
nickel hydroxide substantially devoid of impuri 
ries0 but the process descrlbed hereinbefore as my 
invention provides nickel hydroxide subsntially 
devoid of contaminants, satd nickel hydroxide 
being reducible to nickel oxide and nickel sub- 
stantially devoid of contaminants. Furthermore, 
prior art processes bave produced nickel hy- 
droxide having a crystalllne structure such that 
the surface contact area of the crystals has been 
limited. The prior art production o nickel 
droxide has provided nickel hydroxide having 
crystal sizes o an average er not .less than about 
100 ugstroms. The prior art nickel hydroxide0 
when reduced to nickel oxide, produced crystals 
having an averge size of not less than about 90 
ugstroms; and when reduCed to nickel, the 
crystals have an average size of from about 400 
to about 1900 ugstroms. The lrlor art nickel 
hydroxide surface contact area has measured a 
maximum of about I0 square meters per gram. 
The production of nickel hydroxfde accordlng to 
the .process desCribod in my invention provides 
nickel hydroxide of crystal sizes of Iess than about 
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25 Jngstrom. Thèse nic] hydroxide crystals 
when reduced t0 nickel oxide provide, nickel oxide 
crystals posse.sing an aveage size of less than 
about 25 Austroms...Furthermoreo the maxi- 
mum surfacë contact area of the nickel hydroxide 
is as high as abont 260 square meters per ram 
and that of the nickel oxid e produced therefrom 
as high. as about0 square meters per ram. 
The crystalline structure of. nickel hydroxide pro- 
duced according o the. prScess described herein- 
belote Pr0vides crystals which upon reduction 
fo nickel oxide Or nickel bave excellent surface 
area and the 5veaHqua]ities demanded by var- 
ious chemical industries are excellent. 
The extraction phase ofl this process, employ- 
ing an organic solvent as the extraction agent, 
can also be. appliëd fo nickel hydroxide precipi- 
tare formed electrolytically, in an alkaline ano- 
lyre. 
Where itis desired fo speed up the extraction 
of potassium i0ns adsorbed on the surface of the 
nickel hydroxide, orgarfic bases such as trimeth- 
ylamine may be added fo the organic solvent used 
in the extraction, 
Itis fo be obsm'ved that the present invention 
provides nickel, hydroxide substantially devoid 
of contaminants, which upon reduction fo nickel 
oxide yields a catalyst having high catalytic sur- 
face area and activity. 
Furthermore, the invention provides a process 
for producing pure nickel hydroxide precipitate 
which is free of ads.orbed or 0therwise contami- 
nating foreign anions, cations, and other im- 
purities. - 
Moreover, the invention .provides pure nickel 
hydroxide precipità/te which wili bave maximum 
solubility in Water,m.aximum rctivity towards 
acids and organic reagents, and good crystallo- 
graphic properties for producing catalysts having 
maximum catalytic surfce.area and activity. 
Although the present invention has been 
scribed in conjunCtion with preferred embodi- 
ments, itis fo be understood that modifications 
and variati0ns may be resorted to without de- 
parting from. the spirit and scope of the inven- 
tion, as those skilled in the art will readily un- 
derstand. Such modifications and variations ae 
considered tobe within the purview and scope of 
the invention and appended clairns. For exam- 
ple, cobalt is considered an equivalent of nickel 
in the process described hereinbefore. 
1. A process for. producing nickel hydroxide 
substantially devoid of contaminants compris- 
ing reacting a water soluble hydroxide with a 
salt of nickel ata pli above about 12.5 to produce 
nickel hydroxide, separating said nickel hydrox- 
ide from solution, treating the separated nickel 
hydroxide with a substantially anhydrous or- 
ganio solvent selected from the group consisting 
of alcohols with 1 to 5 carbon atoms and their 
ethers, furanes and hydrofuranes, pyrans and 
hydropyrans, and ketones with 1 to 6 carbon 
atoms to extract the contaminants from said 
nickel hydroxide, and separating the nickel hy- 
droxide from said 0rganic solvent. 
.. A process for producing nickel hydroxide 
substantiallF devoid of contaminants and pos- 
sessing fine Crystallite size. comprising reacting 
a water soluble hydroxidê with a salt of nickel 
ata pli above about 12.5 to prodUce nickel 
droxide, separating said .nickel hydroxide from 
solution while maintaining the solution ata pli 
above about '1..5/.extracting :.th. contaminants 
from the separatCd nickel-hydoxide by treating 
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the nickel hydroxide with a substantially anhy- 
drous organic solvent selected from the group 
consisting of alc0hols with 1 to 5 carbon atoms, 
and their ethers, furanes and. hydrofuranes, py- 
5 rans and hydropyrans, and ketones with 1 to 6 
carbon atoms, and separating the nickel hy- 
droxide from. the organic solvent. 
3. A Process for producing a supported nickel 
catalyst substntially devoid of contaminants 
10 comprising reacting a water soluble hydroxide 
with a nickel Salt in the presence of a refractory 
carrier material ata pli above about 12.5 to pro- 
duce nickel hydroxide supported by the carrier 
material, separting the carrier-supported nickel 
15 hyroxide :from solution, treating the carrier- 
supported nickel hydroxide with a substantlally 
anhydrous òrganic solvent selected from the 
group consisting of alcohols with 1 to 5 carbon 
atoms, and their ethers, furanes and hydro- 
20 furanes, pyrans and hydropyrans, and ketones 
with 1 to 6 carbon atoms to extract the contam- 
inants from said supported nickel hydroxide, 
separating said supported .nickel hydroxide from 
said organic solvent. 
25 4. A process for producing pure nickel hy- 
droxide which comprises producing nickel hy- 
droxide by reacting a water soluble hydroxide 
with a nickel salt at a pli above about 12.5 and 
thereafter, without intermediate water washing 
30 of said nickel hydroxide, extracting impurities 
from said nickel hydroxide with a substantially 
anhydrous organic solvent for water soluble hy- 
droxides and salts formed du_ring the reaction 
to produce nickel hydroxide of high purity char- 
35 acterized by fine Crystallite size and high sur- 
face area. 
5. A process for producing a nickel hydroxide 
substantially devoid of contaminants compris- 
ing reacting a water soluble hydroxîde with a 
4O nickel salt at a pli above about 12.5 to produce 
' nickel hydroxide, separating said nickel hydrox- 
ide from solution, treating the separated nickel 
hydroxide with a substantially anhydrous or- 
ganic solvent for water soluble hydroxides and 
45 salts formed during the reaction to extract the 
contaminants from said nickel hydroxide, and 
separating the nickel hydroxlde from said or- 
ganic solvent. 
6. A process for producing a nickel hydroxide 
5o substantially devoid of contaminants compris- 
ing reacting a water soluble hydroxide with 
nickel nitrate at a pli above about 12.5 to pro- 
duce nickel hydroxide, separating said nickel hy- 
droxide from solution, treating the separated 
55 nickel hydroxide with a substantially anhydrous 
organic solvent for water soluble hydroxides and 
salts formed during the reaction to extract the 
contaminants from said nickel hydroxide, and 
separating the nickel hydroxide from said or- 
60 ganic solvent. 
7. A process for producing a nickel hydroxide 
substantially devoid of contaminants compris- 
ing reacting a water soluble hydroxide with 
nickel chloride at a pli above about 12.5 to pro- 
65 duce nickel hydroxide, separating said nickel hy- 
droxide from solution, treating the separated 
nickel hydroxide with a substantially anhydrous 
organic solvent for water soluble hydroxides and 
salts formed during the reaction to extract the 
7O contaminants from said nickel hydroxide, and 
separating the nickel hydroxide from said or- 
ganic solvent. ' 
8. A process for Producing a nickel hydrox- 
ide substantially devoid of contaminants com- 
a5  prising reactiag a water soluble hydroxide with 
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nickel tartrate af a pli above about 12.5 to pro- 
duce nickel hydroxide, separating said nickel hy 
droxide from solution, treattng the separated 
nickel hydroxlde with a substantlally anhydrous 
organic solvent for water soluble hydroxides and 
aslts formed during the reaction to extract the 
contaminants from said nickel hydroxide, and 
separating the nickel hydroxide from aid or- 
ganic solvent. 
9. A process for producing a nickel hydroxide 
ubtantially devoid of contaminants compris- 
ing reacting a water soluble hydroxide with 
nickel acetate af a pli above about-'12.5 to pro- 
duce nickel hydroxide, separating said nickel hy- 
droxide from solution, treating the separated 
nickel hydroxide with a substantially anhydrous 
organic solvent for water soluble hydroxides and 
aslts formed during the reaction to extract the 
contaminants from said nickel hydroxide, and 
separating the nickel hydroxide from said or- 
ganic solvent. 
10. A process for producing a nickel hydroxide 

10 
substantially devoid of contaminants comprtsing 
reacting «ïter soluble hydroxide with nickel 
bromide af a pli above about 12.5 to produce 
nickel hydr_'lde, separating aid nickel hydrox- 
5 ide from soliition, treating the separated nickel 
hydroxide ith a substantially anhydrous or- 
ganic solveiit for water soluble hydroxides anl 
alts formeïl during the reaction to extract the 
contaminaïits from said nickel hydroxide, and 
10 separatlng .the nickel hydroxide from said or- 
ganic solvent. 
WILLIAM JOHN KIRKPATRICK. 
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